Fractures of the odontoid in children with an open basilar synchondrosis differ from those which occur in older children and adults. We have reviewed the morphology of these fractures and present a classification system for them.
Fractures of the odontoid in children with an open basilar synchondrosis differ from those which occur in older children and adults. We have reviewed the morphology of these fractures and present a classification system for them.
There were four distinct patterns of fracture (types IA to IC and type II) which were distinguished by the site of the fracture, the degree of displacement and the presence or absence of atlantoaxial dislocation. Children with a closed synchondrosis were classified using the system devised by Anderson and D'Alonzo. Those with an open synchondrosis had a comparatively lower incidence of traumatic brain injury, a higher rate of missed diagnosis and a shorter mean stay in hospital. Certain subtypes (type IA and type II) are likely to be missed on plain radiographs and therefore more advanced imaging is recommended. We suggest staged treatment with initial stabilisation in a Halo body jacket and early fusion for those with unstable injuries, severe displacement or neurological involvement.
It has been estimated that the prevalence of cervical spinal injuries in children is 7.5 cases per 100 000 individuals. 1 Approximately 75% of these are fractures 1 and in younger children they are more likely to occur in the upper cervical region and fractures of the odontoid are the most common. 1 The synchondroses of the axis remain open until approximately seven years of age and are at risk of fracture, even from a relatively low-energy injury. Thus, fractures of the odontoid process in children with an open synchondrosis are distinct from those observed in older children with a closed synchondrosis and from those in adults.
Unlike those seen in adults, odontoid fractures in young children do not usually occur through bone at the base of the dens, but as a separation of the cartilaginous plate of the basilar or dentocentral synchondrosis between the dens and the body of the axis. 2, 3 Prompt diagnosis and treatment are important because delay can lead to serious complications including neurological deterioration 4 and nonunion. [5] [6] [7] [8] [9] [10] Since 1951, at least 110 cases of odontoid fracture, also known as traumatic epiphysiolysis 11 or synchondritic slip, 12 have been reported in children. Most of these are individual case reports or part of larger series including adults. 1, 5, 9, 13, 14 There are few large series 9, 15, 16 which focus on children and a number of important issues remain unresolved. First, there is no classification system for these fractures in children. 10 Secondly, although there have been reports of associated injury to the spinal cord and traumatic brain injury, there are no studies with sufficient numbers of children from which to draw meaningful conclusions. 9, 17 The role of advanced imaging including CT and MRI needs to be determined. Finally, a study comparing the outcome of odontoid fracture in the child with an unossified basilar synchondrosis with that of the child with an ossified synchondrosis has not been undertaken.
Our aims in this study therefore were as follows: 1) to study fractures of the odontoid in children with an emphasis on those with an open basilar synchondrosis; 2) to compare the data with those of a series of children with a closed basilar synchondrosis; and 3) to develop a useful working classification for fractures of the odontoid in childhood.
Patients and Methods
After obtaining approval from our Institutional Review Board, we identified all the children whom we had treated for fractures of the odontoid using the relevant ICD-9 codes 18 between 1986 and 2003. We retrospectively reviewed the available records and imaging studies for these patients. Each patient was followed from initial presentation to the present time unless they had been lost to follow-up. We included all patients with clinical and radiological data sufficient to confirm the diagnosis, location and stability of the injury, and its clinical outcome.
Those with an open synchondrosis were placed in one group and older children with a closed synchondrosis were placed in another. We recorded age, gender, the mechanism and pattern of the injury, any delay in diagnosis (> 24 hours after injury), the clinical and neurological presentation, management and outcome. We identified 23 patients who met our inclusion criteria who had been treated at our hospital. There were 17 children under the age of seven years (6 boys, 11 girls) and six (3 boys, 3 girls) aged seven years or over. The clinical details and outcome of these patients are summarised in Tables I to IV. The fractures were described according to: 1) age and presence or absence of a fused synchondrosis; 2) the anatomical level of the fracture at (I) or proximal to (II) the synchondrosis; and 3) the degree of displacement at the level of fracture (<10% (A), 10% to 100% (B), > 100% (C)). The percentage displacement was obtained as a ratio by dividing the maximum displacement of the fractured odonoid process (distance from the cortex of the odontoid to the outer cortex of the body of C2) by the anteroposterior diameter of the odontoid. In each case healing of the fracture was assessed by plain lateral flexion and extension radiographs of the cervical spine. Statistical analysis. Fisher's exact test for non-parametric data was used to identify differences between the group of younger patients with an unossified basilar synchondrosis and the older patients with a closed synchondrosis. Also, we used Student's t-test for parametric data and Fisher's exact test to measure any differences between non-parametric data from younger patients with different types of fracture. A p-value ≤ 0.05 was considered to be statistically significant.
Results
Patients with an open basilar synchondrosis. In the group with an open synchondrosis, there were 17 patients with a mean age of 3.6 years (1.3 to 6.7). The mechanisms of injury differed considerably and are described in Table I . There was a delay in diagnosis of more than one day in six of the 17 patients (35%); the mean delay was eight days (2 to 30). The diagnosis was missed by a medical professional in four patients. In the other three there was a parental delay in seeking treatment.
Only four of the 17 patients were initially seen at our hospital; 13 were referred from elsewhere. Neck pain or tenderness was found in 13 of the 15 patients who were conscious on presentation (two were unconscious). A torticollis-like deformity or neck stiffness with reduction in the range of movement was seen in eight. Two (cases 13 and 14) had an associated injury to the spinal cord with quadriplegia. Both children were less than two years old and had a complete C1-2 dissociation with an odontoid fracture (atlanto-axial fracture-dislocation). They had also sustained brain injuries with intraventricular haemorrhage and hypoxic ischaemic encephalopathy. One (case 13) sustained an injury at the cervicomedullary junction and underwent surgical stabilisation and fusion at a later date. In case 14 the spinal-cord injury occurred at C1-2 and the child died from severe head injuries four days after admission. In the open synchondrosis group, the association of odontoid fracture-dislocation with injury to the spinal cord was seen only in those under two years of age (2 of 4 patients). This difference was significant (p = 0.04). The associated injuries in individual patients within the open synchondrosis group are summarised in Table I. On the basis of our findings, we defined four types of fracture pattern (Fig. 1) as follows. Type I consisted of odontoid fractures at the level of the synchondrosis. These were subdivided into type IA, fracture of the synchondrosis with displacement of less than 10% and normal plain radiographs (4 cases) (Fig. 2) ; type IB, fracture of the synchondrosis with displacement of 10% to 100% (8 cases) (Fig. 3) and type IC, fracture of the synchondrosis with displacement of more than 100% (2 cases) (Fig. 4) . Type II consisted of odontoid fractures above the level of synchondrosis (3 cases) (Fig. 5) . Table V gives details of the management of the 17 patients with an open synchrondosis. Nine were immobilised in a Halo body jacket (PMT Corporation, Charhassen, Minnesota) and seven in a Minerva orthosis (Boston Brace International, Avon, Massachusetts). The mean stay in hospital for all 17 patients was 8.7 days (0 to 21). One patient (case 14) died in hospital from severe head injuries prior to immobilisation. Another was lost to follow-up after six weeks. The mean follow-up for the remaining 15 patients was 2.33 years (1.3 to 7.2). Their treatment is summarised in Table V and their outcome in Table II . Patients with a closed basilar synchondrosis. There were three boys and three girls with a mean age of 13.6 years (10.70 to 15.89). Their presenting symptoms and associated injuries are given in Table III . Importantly, three also had concomitant brain injuries. In contrast to the group with an open basilar synchondrosis, there was no delay in establishing the diagnosis.
All the fractures in this group could be classified by the system of Anderson and D'Alonzo 13 for adult patients. There were more associated fractures in the group with a closed synchondrosis. In the open synchondrosis group, only five of the 17 patients had associated fractures, compared with five of the six patients in the closed group (p = 0.03).
Comparison of the groups. Although the numbers in our study are small and limit statistical analysis, there was a trend towards a lower incidence of traumatic brain injuries (2 of 17 vs 3 of 6), more missed or delayed diagnoses (6 of 17 vs 0 of 6) and a shorter mean hospital admission (8.7 days vs 16.33 days) in the group with an open synchondrosis.
Discussion
From our analysis of odontoid fractures in children we were able to develop a classification system for children with an open basilar synchondrosis which has potential advantages for diagnosis and management. This classification was based on the degree of displacement and the relationship of the fracture line to the basilar synchondrosis with four characteristic fracture patterns which comprehensively covers all the fractures (Fig. 1) .
Using this classification, the most reported fractures of the synchondrosis are type IB. In their series, Sherk et al 16 reported 11 patients, of whom four had completely displaced and seven partially displaced fractures. Odent et al 9 in a series of 15 patients, reported 13 fractures of the synchondrosis with anterior displacement between 10% and 100%. Type-IA fractures have been described infrequently, perhaps because of the difficulty in establishing the diagnosis on plain radiographs. However, several studies have reported undisplaced odontoid fractures. 9, 11, 19, 20 Although rare, fractures which we have classified as type IC and type II have also been reported. 8, 10, 13, 15, 17, 21 Finally, there have been a small number of reports of odontoid fractures with posterior displacement.
9,11 While we have not seen any of this type, we believe that they should be classified and treated in the same way as fractures with anterior displacement.
We recommend additional imaging, preferably a CT with sagittal and coronal reconstructions in all patients in whom an odontoid fracture is suspected in order to detect type-IA and type-II fractures. Our study has shown that for patients with normally appearing plain radiographs and a history of high-energy trauma, CT with reconstructions may be indicated (Figs 2 and 5) . If the diagnosis remains elusive or if the patient has neurological symptoms, MRI which shows high signal in the odontoid is likely to be diagnostic of a fracture. Further, because of the risk of causing additional injury by taking flexion/extension views, we prefer to examine the soft tissues for high signal using MRI, particularly in the presence of an associated neurological problem such as a head injury. We note that in two of the three cases of type-II fractures reported in the literature, the diagnosis was initially missed and advanced imaging techniques were required to diagnose the fracture. 8, 10 For patients with a type-IB or type-IC fracture, plain lateral radiographs should be sufficient to make the diagnosis (Figs 3 and 4) .
While there is no evidence to suggest that MRI is of help in making the diagnosis, it has been shown to be of value in excluding odontoid fractures. 3 It has also been shown to give useful additional information in children with associated neurological injuries. 9 Finally, at least one series has been reported which confirms our finding that in patients with type-II fractures, MRI may show signal change both at the synchondrosis and above at the level of the fracture. 10 Based on our classification system we propose an algorithm for the treatment of odontoid fractures in patients with an open synchondrosis (Fig. 6) . Our success rate of 87% using closed reduction and immobilisation is comparable with that of other large series in which it ranges from 80% to 100%. 9, 15, 16 For patients with type-IC fractures we recommend a staged fusion comprising initial stabilisation in a Halo body jacket followed by early surgical stabilisation.
In our series there were two cases of injury to the spinal cord in children aged less than two years. Based on this experience and a small number of reports of injury to the spinal cord in other large series, 13 We saw no odontoid fractures in children between the age of seven and 11 years. A number of other authors have made a similar observation. [24] [25] [26] We believe that there are three patterns of injury which depend on the age at which the child is injured. Younger children with an open synchondrosis usually have a fracture through it whereas children over the age of 11 years sustain fractures which follow the adult pattern. Injuries which occur between the age of seven and 11 years are probably of a different type. We agree with Lui et al 26 who observed that children in this age group with a fused synchondrosis are more likely to present with disruption of the atlantoaxial ligament or atlanto-occipital dislocation. In their series of 22 children, all of whom were under the age of 18 years, they noted two cases of odontoid fracture in children under six years and 11 cases in children over 13 years of age. However, between the age of seven and 12, there were only two children with an odontoid fracture while seven had an atlantoaxial dislocation without an associated fracture. It appears that more force is needed to cause an odontoid fracture through bone than to cause a fracture through the synchondrosis. It is not clear why children between the age of seven and 12 years sustain ligament disruptions more often than odontoid fractures.
Based on our data, it appears that, by comparison with children with a closed synchondrosis, odontoid fractures in children with an open basilar synchondrosis are more likely to be isolated injuries. They are harder to diagnose and are more likely to be missed, but heal well with treatment in a Halo body jacket. The limitation of our study was that the number of children treated was relatively small and the series was therefore underpowered. However, given that this is a relatively rare injury in children, we believe that our observations are helpful and our conclusions valid. Despite this limitation, our study represented a first step towards the establishment of a useful classification for odontoid fractures in children.
